The possibility exists that cosmic-ray neutrinos with energies of ∼ 10 20 eV interact in the atmosphere with a cross section at the millibarn level, giving rise to some of the highest-energy air showers. In a specific dynamical model which can give rise to such a cross section, we show that there can be a small effect upon the extraction of the effective value of sin 2 θW from νµ-hadron, neutral-current cross section data at NuTeV.
The possibility that neutrinos, with energies of the order of 10 20 eV, have stronger interactions with hadrons than those which are given by electroweak theory, has been considered, specifically in connection with the puzzling observation of the highest energy cosmic-ray air shower events. [1, 2] Such energetic neutrinos can propagate from sources at cosmological distances (red shifts > ∼ 1), undisturbed by the cosmic microwave background radiation, which photons largely prevent protons of > ∼ 0.6 × 10 20 eV from arriving here. [3, 4] Recently [5] we have explicitly calculated a σ νµ of ∼ 10 −29 cm 2 at E νµ ∼ 10 20 eV, in a specific dynamical model which involves the hypothesis of a strong, parity-conserving interaction of ν µ with a hypothetical, point-like component of a π 0 , leading to a very massive neutral lepton L, with m L ∼ 2 × 10 6 GeV.
The essential physical idea is that of neutrino structure at very small distances (< 10 −18 cm), due to hadron-like coupling to L. For this m L , E νµ must reach ∼ 2 × 10 21 eV for production of real L. However, the amplitude for the diagram in Fig. (1) , which involves a virtual L, results in a cross section above the electroweak σ νµ ∼ 10 −31 cm 2 , already at E νµ ∼ 10 20 eV. [5] For a somewhat smaller m L ∼ 0.3 × 10 6 GeV, the production of real L is possible for E νµ above about 0.5 × 10 20 eV, which is close to where the GZK cut-off [3, 4] is located [1, 2] for protons coming from cosmological distances. In this case σ νµ can be of the order of millibarns at E νµ ∼ 10 20 eV. Then, a dip at the GZK cut-off, followed by a "bump-structure" [10] near to 10 20 eV could occur in the air-shower
The possibility of an analogous hypothetical structure (with a charged pion) for the muon, can lead to a positive-definite, unusual contribution to (gµ − 2)/2 at the level of 10 −9 , for this value of m L . [5, 6] However, in addition to the squared coupling, the magnitude is rather sensitive to possible damping at the structure vertex for virtual momentum near to m L , where the integral gets its main contribution. At present, the significance of a possible experimental deviation [7] from expectation is reduced by the correction of a long-standing sign error in the calculation of a "standard" theoretical contribution. [8, 9] In this paper, we consider explicitly, only neutrino, effective neutral-current couplings.
energy spectrum, if some of the highest-energy events are induced by the primary neutrinos interacting in the atmosphere.
F 2 Such a spectrum behavior is consistent with present data. [1, 2] This may only reflect insufficient exposure to obtain events at much higher energies. On-going and new cosmic-ray experiments will tell. [2] The purpose of this paper is to show that the kind of hypothetical neutrino structure summarized above, can have an effect upon the extraction of sin 2 θ W from muon neutrino-hadron neutral-current cross section data at E ν < 300 GeV. The motivation for this is the recent NuTeV result [11] which indicates sin 2 θ W = 0.2276 ± 0.0017, about 2% higher than the value deduced mainly from the precision data at LEP, sin 2 θ W = 0.2226±0.0004. [12] The NuTeV value of sin 2 θ W corresponds to a W mass about 300 MeV below the direct measurements at LEP II and at the Tevatron. [12] It may well be that the NuTeV value of an effective sin 2 θ W relevant to ν µ -hadron scattering is to be explained in terms of violation of isospin symmetry in the parton distributions of the nucleon, or in terms of an asymmetry in the strange quark sea. [13] It is common to speculate [15] about exchange of higher mass Z ′ bosons (usually in the TeV range), whose amplitude interferes with that from Z exchange. The new amplitude must be such as to give destructive interference. This reduces the neutral-current cross section.
F 3 In a particular case [13] , the Z ′ coupling is required to conserve parity (i. e. no axial vector coupling). This is not the only way to obtain a parity-conserving, effective four-fermion interaction for ν µ -hadron neutral-current scattering. A short-distance neutrino structure, of the kind discussed above, can also be characterized by such a parity-conserving, effective interaction, and can involve a very high particle mass. Our result below, suggests that for m L ∼ 0.3 × 10 6 GeV an effective sin 2 θ W obtained from analysis of NuTeV data, might be up to ∼ 0.005 larger than the expected electroweak value. Thus, a quantitative connection is made to the possibility of stronger neutrino interactions at the highest energies.
In Fig. ( 2), we illustrate schematically the reduction of the hypothetical primary dynamics at very high √ s approaching m L , to an approximate, effective fourfermion interaction relevant for the NuTeV ν µ -nucleon scattering data at E νµ < 300 GeV. The essential assumption is the following. The calculation of a ν µ cross section [5] for the hypothetical process in Fig. (1), involves using a typical hadronic total cross section to give an approximate strength for the sum of processes included in the square of the lower "vertex". This is a controlling factor in the size of the ν µ cross section. On the other hand, interference of the standard-model amplitude from (2), requires a degree of coherence for processes within the left-hand "black box" in Fig. (2a) . F 4 We assume that this is achieved as illustrated in Fig. (2b) . The axial-vector A 0 related to the π 0 in Fig. (1) , propagates from the hypothetical (undamped) ν µ − L vertex to interaction with the target nucleon via a hard parton-parton collision; the result is a scattered nucleonic parton and an isoscalar, scalar "jet" ντ )which is many orders of magnitude greater than the present age of the universe.
[10] Neutrino-initiated air showers do not necessarily fall off strongly at larger zenith angles. (An indirect, dynamical mechanism which involves a sizable flux of very high-energy neutrinos as the origin of an air-shower "burst", postulates resonant interaction with CMB neutrinos (for non-zero mass), through a light Z ′ [13] , as in ref. 14 for Z.)
F 3 This is the likely direction implied by the experimental effect in the measured ratio Figs. (2,3) , the box on the right represents hadronic fragmentation of partons, after the basic partonic collision process. Fig. (2b) , with an assumed real part for the effective vertex. An effective Lagrangian can be approximately represented by the form
where q represents a u or d quark, and m is an effective mass given by the product of significant numerical factors of π (see Eq. (4) below) and a dynamical mass ∼ 3 GeV which characterizes the "black box". The negative sign before L eff ( for q = u) corresponds to destructive interference of the amplitude with the standardmodel amplitude from Fig. (3) . The negative sign can arise from the structure of the intermediate states in Fig. (2) and the overall sign of the product of effective vertices. This sign appears to arise naturally when the hadronic black box in Fig. (2b) involves a hard parton scattering (gluon exchange). The order of magnitude of the ratio of the amplitude from Fig. (2c) to that from Fig. (3) is 
The value ∼ (G F / √ 2)(0.01) has been deduced [13] phenomenologically as the approximate necessary strength of an effective four-fermion interaction which is, a priori, required to be SU (2) L invariant (we use only a corresponding parityconserving, axial-axial term involving νν and uu(-dd)). In the present model, the effective strength in Eq. (3) is directly fixed by the hypothesis of relatively strong, parity-conserving neutrino interactions (thus g 2 /4π ∼ 1 compared to e 2 /4π), at E ν ∼ 10 20 eV (corresponding to m L < ∼ 10 6 GeV). The effective mass m is determined by the dynamical structure of the model, as we now estimate. The neutrino cross section (here assumed to be relevant for p or n in an isoscalar target), calculated approximately from the amplitude in Fig. (2b) , is GeV, whose size is approximately fixed by the possibility of strong neutrino interactions at extremely high energy, ∼ 10 11 GeV. The first factor in curly brackets represents the (inverse) square of an effective mass m ∼ (20π 3 )(3 GeV); this controls the effective strength of the hadronic "vertex". The mass has a large kinematic factor (∼ 20π
3 ) which is related to the specific dynamics, i. e. to the integration over virtual momenta, and to the approximate parameterization of the "black box" in Fig. (2b) , in terms of a measured cross section for a hard scattering process. For the latter we use a typical jet cross section at relatively [17] low √ s, σ j ∼ 2 × 10 −29 cm 2 in a central rapidity interval |∆y| ∼ (1 − (−1)) = 2. We use this as a (fixed) parameter only in a limited range of the intergration momentum F 6 , ∼ 2 GeV to ∼ 3.7 GeV; σ j falls away at high loop momentum.
F 7 With the jet multiplicity n j ∼ = 2, the quantity ( n j σ j )
translates into a mass of ∼ 3 GeV, which can be considered as the intrinsic, mass parameter characteristic of the "black box" in Fig. (2b) . Using the estimate for ∆σ νµ in Eq. (4), and the empirical ν µ charged-current cross section [16] , σ 
This is approximately independent of the specific E νµ used above for illustrating the numbers. In Eq. (5), we use ∼ 0.29 for the ratio of neutral to charged-current cross sections (i. e. as calculated F 3 for (sin 2 θ W ) LEP = 0.223). A negative interference term of this magnitude corresponds to an effective value of sin 2 θ W in the NuTeV experiment which is about 0.005 larger than the (electoweak) value determined from the LEP measurements.
From pp → l + l − +X interactions, CDF has set limits [19] on quantities analogous to ǫ ∼ 0.01 in Eq. (3), but referring to effective four-fermion interactions involving quarks and a µ − µ + (or e − e + ) pair, (approximately, the |ǫ| are[13] < ∼ 0.04). It is noteworthy that the hypothetical, specific ν µ structure in Fig. (2) does not have a counterpart for µ − . This is because the scalar "jet" is neutral F 5 . Thus, the experimental limits [19] from→ µ − µ + are not directly relevant here (as they are for phenomenological interaction forms utilized in ref. 13 ).
There is a potentially interesting "charge" radius effect for ν µ , implied by the hypothetical structure. If ρ 0 -exchange can occur in place of the A 0 in Fig. (2c) , a charge radius is generated by replacing the lower vertex by that for γ → ρ 0 π + π − , with a magnitude estimated as
The mass parameter µ ∼ 264 MeV, is estimated from the measured partial width [16] Γ(ρ 0 → π + π − γ) ∼ 1.5 MeV. Empirically [16] , | r 2 νµ | < ∼ 10 −32 cm 2 . More generally, this represents a limit on certain non-standard contributions to ν µ scattering [16] ; ∆σ νµ in Eq. (4) is much less. At the Z-pole, a similar "charge" radius can affect, in principle, the magnitude of the axial-vector (and possibly, vector) effective coupling F 6 Note that a corresponding typical cross section [18] for π 0 , at low √ s in this limited range for transverse momenta, is comparable, about 0.4 × 10 −30 cm 2 . It falls away more rapidly than does σ j , at higher transverse momenta.
F 7 The approximate integration over virtual momenta Q, with σ j fixed over a limited range, involves a factor ln(Q 2 max /Q 2 min ). This is of order unity; we use 2 ln(3.7/2) ∼ 1.22. If taken as unity, the interference term in Eq. (5) has magnitude ∼ 0.0047.
to ν µ ν µ . We have, m 2 Z | r 2 νµ | ∼ 0.03%, which corresponds to a change in this partial width of about ±0.1 MeV. This means that the effective number of light neutrinos can be less than three [15] . There is ∼ 3% accuracy in the measurement [20] of the ν µ -coupling to Z from ν µ -electron scattering. The direct measurement [21] of the invisible decay width of the Z, is also with ∼ 3% accuracy. There is a fit value [16] with ∼ 0.3% uncertainty.
In conclusion, we note that while the present NuTeV effect might eventually get an explanation in terms of asymmetries in parton distributions [13] , ideas concerning hypothetical new particles [15, 13] are not necessarily restricted to masses below a few TeV. In the effective four-fermion interaction generated by structure, in Eq. (1), while the overall effective mass parameter is estimated as ∼ mm L /g 2 ∼ 4.7 TeV, the particle mass m L ∼ 300 TeV, is much higher. This is because the hypothesis is made of a dynamical connection between the possibility of stronger neutrino interaction in the atmosphere, reaching of the order of millibarn cross sections at the highest energies ∼ 10
11 GeV, and a small effect upon ν µ -hadron scattering below a few hundred GeV. This relates two presently puzzling phenomena: the cosmicray air showers at 10 20 eV and the possible anomalous deviation in the sin 2 θ W extracted from NuTeV data. (1), as described in the text and footnotes F4-7. The effective vertices on the neutrino line are assumed to be point-like, up to momenta near to the scale of m L . The loop integration momentum is taken as relevant for jet production, but only a limited range is used in estimating the amplitude for Eq. (4), 2 GeV < ∼ |Q| < ∼ 3.7 GeV, because σ j falls away at high |Q|. 
